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Specification 

1. Title of Invention 

Semiconductor thin film transistor 

2. Claim 

A semiconductor thin film transistor having a semiconductor thin film, a 

>OujLce exeCuOuC, a gaio cieCuOQe, anu a uiain ^ieCuOuC, wiiCiCin a piUi<tiity 

of strip-shaped grooves are formed in a channel region of said 
semiconductor thin film in the direction of said source electrode - said drain 
electrode. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to a high-performance thin film transistor. 
[Prior Art] 

Fig. 5 shows the structure of a conventional thin film transistor on a 
transparent glass substrate. In the diagram, reference numeral 1 denotes a 
transparent glass substrate; 2 a semiconductor layer (such as a silicon thin 
film or the like) on which a channel region is formed; 3 a source electrode; 4 
a gate electrode; and 5 a drain electrode. In this manner, in the conventional 

vumiii^i icgiun. i'±g. u miuws a uuss actuuxiai auuviuic ui cue mill limi 

transistor. Reference numeral 6 denotes a gate insulating film and reference 
numeral 7 indicates a peripheral portion of the channel region. As will be 
understood from the cross sectional structure, the conventional thin film 
transistor has a structure in which the channel width is sufficiently larger 
than the thickness of a channel layer and a control effect due to the gate in 
the peripheral portions 7 of the channel region is decreased to such a degree 
that the effect is negligible. 
[Problems that the Invention is to Solve] 
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Fig. 7 shows an energy band view in the above-mentioned structure 
constructed by the semiconductor thin film and glass substrate. In the 
diagram, reference numeral 8 denotes a gate electrode region; 9 a gate 
insulating film: 10 a semiconductor thin film region; and 11 a glass substrate. 
As shown in the diagram, in the case of the conventional thin film transistor, 
at the interface between the semiconductor thin film region 10 and the glass 
substrate 11, the band of the semiconductor thin film region 10 is influenced 
by an interface level and is curved, the threshold voltage of the thin film 
transistor is increased due to a phenomenon that mobile electrons are 
induced, namely, so-called a back channel effect, and a leakage current 
between the source and the drain increases. Further, there is a drawback 
that the mutual conductance of the thin film transistor is deteriorated due to 

ixx^ Ltvxsax Ljl Kjjl liiw xxi iCi i ciisis ivvw uvlvv wii tiiC & Willi Is LriltlUC'lAJl 111 111 111111 allU 

the glass substrate. 

The invention is made to solve the aforementioned drawbacks. It is an 
object of the invention to provide a thin film transistor in which the 
threshold voltage is low, the leakage current between the source and the 
drain is low, and further, the mutual conductance is high. 
[Means for Solving the Problems] 

The invention is characterized in that a plurality of strip-shaped grooves 
are formed in a channel region of a semiconductor thin film in the direction 
of a source electrode a drain electrode. 
[Operation] 

By forming a plurality of strip-shaped grooves in the channel region of 
the semiconductor thin film in the direction of the source electrode - the 

j^^xvxvxx \j± uiv vnamivi 1^51^11 AO uiailll^ui^livu. V_.\J110CL[ UCllllJ' , CL 1UW UllCSllUxU 

voltage, high mutual conductance, and a low leakage current can be 

accomplished. 

[Embodiment] 

Fig. 1 is a plane view showing the construction of an embodiment of the 
invention. In the diagram, reference numeral 12 denotes an insulating 
substrate such as glass or the like; 13 a semiconductor thin film on which a 

lot of grooves 13a, 13a, are formed in a channel region; 14 a source 

electrode of a thin film transistor; 15 a gate electrode; and 16 a drain 
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electrode, rig. 2 is a cross sectional view taken along the line A- A in Fig. i. 
In the diagram, reference numeral 17 denotes an under region below the 
grooves 13a and reference numeral 18 indicates a channel region 
surrounded by the grooves 13a. A broken line 19 indicates a distribution of 
potential spread in the semiconductor. In the region 17, an influence from 
the gate electrode is strong, so that the potential effectively reaches the 
insulating substrate 12. In the channel region 18 surrounded by the grooves 
13a as well, curves of the potential distribution appear in the peripheral 
portions of the channel region (refer to reference numeral 7 in Fig. 6) due to 
the strong influence from the gate electrode. Due to the effect, the electric 
field caused by the application to the gate electrode effectively reaches the 
inside of a channel layer, so that an increase in mutual conductance and a 

1f\VI7 tJ"lf#»C ViolH irollia f V» Ck -tV\ir* -Pi 1 *"*"» trnnciofAf r» *-v « n r* *0 * c V» « J T— 4-l~ 1 ~ 

J.V/W niiCanbiU vtiiuw \J± mC ciixii J.1X111 LidixdidtOx udu uC aCCOIUpiiSneG. ill llllb 

instance, when it is assumed that the mutual conductance in the single 
channel region 18 surrounded by the grooves 13a is set to (gm)i and an 
increase amount of the mutual conductance in the peripheral portion of the 
channel region 18, which is based on the control effect due to the gate in the 
peripheral portion of the channel region 18, is set to (gm)2, the mutual 
conductance (gm)o of the single channel region 18 can be expressed as 
follows. 

(gm)o = (gm)i + (gm) 2 (1) 

Therefore, when it is assumed that the thin film transistor is constructed 
by n channel regions 18 surrounded by the grooves, the mutual conductance 

gm = n(gm) 0 

= n(gm)! + n(gm) 2 (2) 

In this manner, the mutual conductance gm of the thin film transistor is 
increased by only the amount shown as n(gm)2 of the second term of the 
above equation (2) by the control effect due to the gate around each single 
channel region. On the other hand, with respect to the threshold voltage, the 
threshold voltage is decreased by the control effect due to the gate in the 
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peripheral portion of each single channel region 18. 

When it is assumed that the threshold voltage of the thin film transistor 
in the case where the control effect in the peripheral portion of the channel 
region 18 is very small is set to (Vih)i and a change in threshold voltage due 
to the control effect in the peripheral portion of the channel region 18 is set 
to (Vth) 2 , a threshold value Vth of the thin film transistor is substantially 
equal to the threshold voltage of each single channel region 18 and it is 
expressed by the following equation. 



Vth = (Vth)i - (Vth) 2 (3) 

That is, the second term of the above equation (3) indicates a decrease 
amount due to the gate control effect in the peripheral portion of each single 
channel region 18. 

As mentioned above, as for the aforesaid thin film transistor, since the 
mutual conductance gm and threshold voltage Vth are expressed by the 
equations (2) and (3), respectively, the high mutual conductance and low 
threshold value of the thin film transistor can be realized. 

Fig. 3 is a diagram for explaining the applied example of the invention 
and shows a part of an equivalent circuit of a plane type display panel 
constructed by combining the thin film transistors according to the invention 
and display elements, for example, electroluminescent (EL) elements. In the 
diagram, reference numeral 20 denotes a thin film transistor for switching 
according to the invention; 21 a thin film transistor for driving the EL 
element, according to the invention; 22 a capacitor for holding a signal 

»uppi_y imc, anu li a reierence line, one power source ot the hL element 23 
is connected to any one of the drain and the source of the thin film 
transistor 21 and another electrode of the EL element 23 is connected to the 
power supply line 26. The reference line 27 is connected to either the drain 
or the source of the thin film transistor 21 and is connected to the gate of the 
thin film transistor 21 through the capacitor 22. The signal line 25 is 
connected to the gate of the thin film transistor 21 through a portion 
between the drain and source of the thin film transistor 20. The scanning 
line 24 is connected to the gate of the thin film transistor 20. 
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In the above construction, when a voltage to turn on the thin film 
transistor 20 is applied to the scanning line 24, the thin film transistor 20 is 
turned on, the capacitor 22 is charged, the terminal voltage of it becomes 

eOUal tO the vnltaaf* of tfr& si anal line 9S the thin film traneictr\r 91 io tnrnnfl 

on, an alternating voltage of the power supply line 26 is applied to the EL 
element 23, and the EL element 23 emits light. Fig. 4 shows a specific 
construction of one pixel of the plane type display panel shown in Fig. 3. 

In the above-mentioned plane type display panel, since the threshold 
voltage of the thin film transistors 20 and 21 according to the invention is 
low, the panel can be driven by a voltage that is lower than the conventional 
one. Since the mutual conductance gm of each of the transistors 20 and 21 is 
high, each of the transistors 20 and 21 can be minimized as compared with 
the conventional one. Consequently, the dot density of the panel can be set 
to higher than that of the conventional one. That is, according to the 
aforementioned display panel, realization of high performance of the panel 
can be accomplished. 

The thin film transistor according to the invention can be applied to not 
only driving of the aforementioned EL element but also driving of a liquid 
crystal display device or the like. 
[Effect of the Invention] 

As described above, according to the invention, since a plurality of strip- 
shaped grooves are formed in the channel region of the semiconductor thin 
film, the control effect due to the gate in the peripheral portion of the 
channel region is remarkable. Consequently, the low threshold voltage and 
high mutual conductance can be accomplished and a decrease in leakage 

4. Brief Description of the Drawings 

Fig. 1 is a plane view showing the construction of an embodiment of the 
invention; Fig. 2 is a cross sectional view taken along A- A line in Fig. 1; Fig. 3 
is an equivalent circuit diagram of a plane type display panel as an applied 
example of the invention; Fig. 4 is a plane view showing a specific 
construction of one pixel of the display panel of Fig. 3; Fig. 5 is a plane view 
showing the construction of a conventional thin film transistor; Fig. 6 is a 
cross sectional view of the transistor; and Fig. 7 is a view showing an energy 
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band in the transistor. 

[Description of the Reference Numerals] 

13 semiconductor thin film, 13a groove, 14 source electrode, 15 
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